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Two questions arose in the course of a study of the fatal bacteremias which 
occur in mice following their exposure to moderate doses of total body x-ir- 
radiation: Why is the onset of bacteremia delayed for so long after irradiation? 
And  by what  route  do  the  causative  microorganisms  gain  entrance  to  the 
blood stream?  Since the bacteremias are always caused by members of the 
mouse's  enteric  flora  (1,  2),  the  reservoir  from  which  they  originate  is 
presumed to be the lumen of the gut. The primary barrier against  bacterial 
invasion from the intestinal tract, its mucosal lining, is known to be especially 
sensitive  to  x-irradiation.  But  the  microscopic  evidence  of  injury  to  the 
mucosa resulting from the doses used (500 to  700 r) has been reported (3-8) 
to be maximal within a  few hours and to have been repaired by the 4th or 
5th day. Not until this time, the latter part of the first week post irradiation, 
do  the  bacteremias begin  to  occur.  In  other words,  the  period of maximal 
damage to the intestinal mucosa does not correlate in  time  with  the period 
of highest  incidence  of bacteremia  caused  by microorganisms  of intestinal 
origin. 
The answer  to  the  second  question  is  limited  to  two possible  routes  by 
which bacteria may pass from the lumen of the gut into the blood  streamq 
either directly into the capillaries or small blood vessels within the  intestinal 
wall, or indirectly by way of the lymphatics which drain this area. 
The present communication describes a  series of experiments designed  to 
provide answers to these questions. Mice were killed each day post irradiation 
and cultures were made of the tissues and fluids through which bacteria must 
pass on their way from the gut to the blood stream. These included mesenteric 
lymph nodes, mesenteric lymph, liver, and portal blood. Systemic blood  was 
also cultured, as well as one of its most important filters, the spleen.  In the 
first experiment an exotic non-pathogenic microorganism, Serratia marcescens, 
* This investigation was carried out under a contract between the United States Atomic 
Energy Commission and The University of Chicago, 
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was introduced into the gastrointestinal tract and maintained  there by giving 
it  to  the  mice  in  their  drinking  water.  In  other  experiments  this  procedure 
was  omitted  so  that  only  the  normal  intestinal  inhabitants  were  traced  on 
their way to the blood stream. 
Materials and Methods 
Preparation of Serratia marcescens.--The  test organism, Serratia marcescens, was grown 
for 24 hours on the surface of nutrient agar in ordinary pint medicine bottles, harvested in 
sterile saline, and diluted with tap water to make a suspension containing approximately 10  a 
cells per  ml.  This suspension was  substituted for drinking water beginning 2  days  before 
irradiation. It was  freshly prepared each day.  The mice drank it as readily as tap water. 
Plate counts made on freshly prepared suspensions and those taken from mouse cages 24 
hours later showed but negligible decrease in the numbers of viable S. marcescens. 
For the experiments in which washed Serratia was fed to mice, the bacteria were grown 
and harvested in the same way, then centrifuged and resuspended three times in saline and 
made up to standard suspension containing 106 per ml. 
For the experiments with filtrates, the first supernatants from the washed S~rat/a were 
filtered through a Seitz filter and the filtrate given to the mice as drinking water. 
TI~ mice were Rockland RAP females,  11 to 12 weeks old, weighing 20 to 25 gin. They 
were housed in groups of 20 in metal boxes,  the floors of which were covered with wood 
shavings. Their feed was Rockland mouse pellets which were available to them at all times. 
Method of Irradiation.X--Mice  to be  irradiated  were placed  in perforated  plastic tubes 
which were secured to a  turntable and rotated slowly within the radiation field. They were 
exposed to a  single dose of 700 r  total body x-irradiation, delivered at 230 kv.,  15 ma., at a 
distance of 51 on., with a 0.25 ram. of copper and 1.0 ram. of aluminum filtration, at a  rate 
of approximately 28 r/minute. 
Methods of Culture.--tIeart's  blood: Mice were killed by crushing the cervical vertebrae. 
The heart was exposed and approximately 0.5 ml. of blood was drawn into a capillary pipette 
and transferred to  brain-heart infusion broth. Mesenteri,  lymptt  nodes: The abdomen was 
opened under aseptic conditions and with the aid of a binocular loupe the mesenteric lymph 
nodes were carefully dissected from the mesentery. Great care was taken to minimize air- 
borne contamination and to prevent soiling by perforation of the intestinal wall. After their 
removal, the lymph nodes were homogenized in a  TenBroeck glass tissue grinder and cul- 
tured in brain-heart infusion broth. Spleen and Hver: After the mesenteric lymph nodes had 
been dissected  out and  the heart's blood cultured,  the spleen and liver were removed,  in 
this order,  homogenized separately,  and cultured  in broth.  Cotle~:tion o/mes~t6~i~ lymph: 
This procedure was not carried out on the mice used for the cultures described above. The 
mice for lymph culture were killed and the abdomen opened aseptically. With the aid of a 
binocular loupe the main lymphatic trunk draining most of the mesenteric lymph was ex- 
posed. A  culture of the peritoneal surfaces in its vicinity was taken by means of a  sterile 
cotton swab. If this culture showed growth, indicating contamination of the operative field, 
the culture of lymph from that mouse was discarded. Lymph was aspirated from the lym- 
phatic trunk into a  fine capillary pipette and cultured on nutrient agar or in brain-heart in- 
fusion broth. It was usually possible to obtain about 0.01  ml. from mice which had been 
killed because peristalsis continued for some minutes. Preliminary trials on mice which were 
kept alive under ether anesthesia showed that it was possible, with care and patience,  to 
1 Mice were irradiated at the United States Air Force Radiation Laboratory, The Uni- 
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collect a  larger quantity  of lymph but  dotting  occurred in the capillary pipette.  So this 
method was abandoned in favor of the one described. 
When portal blood was cultured from the same mouse,  it was collected after the lymph 
and before the heart's blood. A fine capillary pipette was inserted into the portal vein in the 
direction of the mesentery so that the blood which was withdrawn flowed from the splanchnic 
area. It was found that a capillary inserted in the opposite direction drained blood back out 
of the liver. The bloods were cultured on the surface of nutrient agar and/or in brain-heart 
infusion broth. 
Cervical lymph nodes were obtained for cultures by the following procedure: The neck of 
the mouse was shaved, the area sterilized with iodine, a  transverse incision made across the 
upper chest, the whole flap of skin was reflected forward over the lower jaw without dissec- 
tion, and a swab culture was taken of the exposed  tissues. The major lymph nodes were then 
dissected out, ground in a TenBroeck homogenizer, and cultured. The heart's blood was also 
cultured. If either the culture of heart's blood or that of the exposed neck tissue was positive, 
the results on that mouse were discarded. 
All cultures were incubated at 37  ° for 24 hours. Broth cultures were streaked onto nutrient 
agar plates. The subcultures from Serra~/a~fed mice were incubated for one day at 37  ° and 
for another day at room temperature. At the end of that time snificient pigment had been 
produced  to permit  visual identification of the colonies of S.  raarc~ccns. Non-pigmented 
colonies were subcultured onto appropriate media for identification. 
EXPEI~I'ME.NTAL 
The  Recovery  of Orally Administered  S.  marcescens from  Mesenteric Lymph 
Nodes,  Liver, Spleen,  and Blood? 
Serratia marcescens was introduced into the gastrointestinal tract of mice by substituting 
for their drinking water a  suspension  of this microorganism containing approximately  106 
per ml. Administration by this means was continued throughout  the course of the experi- 
ment to ensure the constant presence of the test micoorganism in the gut. Two days after 
this treatment was begun, half of the mice were irradiated with 700 r. Each day thereafter 
a few irradiated mice and an equal number of unirradiated controls were sacrificed  for culture 
of mesenteric lymph nodes,  liver, spleen,  and  heart's blood. This procedure was  repented 
until cultures had been obtained on 10 mice for each day post irradiation. The results, plotted 
in Fig. 1, show the relative numbers of mice on each day from which S. marcesce~s  was re- 
covered in the several cultures. 
Among  the  150  unirradiated  controls,  nearly  half  were  found  to  have  S. 
marcescens  in  their  mesenteric  lymph  nodes;  in  only one  (<(1  per  cent)  was 
S. marcescens recovered from the liver, none from the spleen and blood. 
Among  the  irradiated  mice  (plotted  as  solid  columns)  the  incidence  of 
positive cultures  of mesenteric lymph nodes varied,  but averaged slightly less 
than for the controls. 
Liver,  spleen,  and  blood cultures  on  the irradiated  mice did not differ from 
those of the  controls  for the first  2  days.  But  on  the  3rd,  4th,  and  5th  days 
the  test  microorganism  was  recovered  from  liver and/or  spleen  of  some  ir- 
radiated mice. Not until the 6th and  7th days did S. marcescens begin to occur 
A preliminary report on these findings has been published in abstract  (9). 416  INFECTION  POLLOWII~G  IONIZING  RADIATION.  IV 
in the blood, although in fewer mice than had it in their livers and spleens. 
It  would  appear  that  the  cells  of  the  reticulo-endothelial system,  such  as 
those in the liver and spleen, were able to eliminate S. marcescens  from the 
blood until the 6th day post irradiation. 
During the last few days of the experiment there was a decreasing incidence 
of positive cultures,  indicating  that  recovery from the radiation  injury had 
begun  among  those  animals  which  were  able  to  survive.  These  survivors 
represented a  small fraction of the large number which had to be irradiated 
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FIo. 1. Incidence of positive cultures for So'ratia marcescens. 
to provide enough mice to fill out the prescribed number for the last days of 
the experiment. 
Similar results were obtained in a  repetition of this experiment in  which 
cultures of mesenteric lymph nodes were omitted. 
An additional series of mice was given S. marcescens  and exposed to 550 r. 
The sequence of events followed in the same order, but at a  slower rate; i.e., 
more days elapsed before bacteremia occurred. 
Silverman  and  Chin  (10)  at  the  Naval  Radiological Defense Laboratory 
have made a  similar observation on a  smaller series of irradiated (725 r) and 
unirradiated LAFx mice, using a  streptomycin-resistant strain of Escherickia 
coli as the test microorganism. Their preliminary results are quite similar to 
ours with S. ~narcescens. 
Recovery  of  Enteric  Microorganisms  from  Mice  Given  S.  raarcescens.-- L.  E.  GORDON, D.  RUML,  H.  J'.  HAHNE,  C.  P.  MILLER  417 
Cultures of organs and  blood which were positive for S.  marcescens  usually 
contained other microorganisms as well. These other bacteria were all mem- 
bers of the mouse's normal enteric flora. The incidence of these enteric micro- 
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FIo. 2. Incidence of positive cultures. Enteric microorganisms in x-irradiated mice. 
organisms was determined each day post irradiation in a  separate experiment 
(described below) on mice which were not given S. marcescons. 
Results  Following  Administration  of  Washed  S.  marcescens.--Mter  com- 
pletion of  the  foregoing experiment,  doubt  was  cast  on  the validity of the 
results  because  the  possibility  was  suggested  that  the  penetrability  of  the 
intestinal  mucosa  might  have been increased  by the  introduction of a  sus- 
pension of S. raarcescens. This microorganism has been shown to elaborate a 418  INFECTION ]~OLLOWING IONIZING RADIATION. IV 
"hemorrhage-producing"  polysaccharide,  described  by  Shear  and  his  col- 
laborators  (11). The experiment was,  therefore, repeated using S. marcescens 
which had been washed three times in saline. The only difference in procedure 
was  the  omission  of  cultures  of  mesenteric  lymph  nodes.  Ten  mice  were 
cultured on each of the first 10 days post irradiation. The incidence of positive 
cultures for Serratia did not differ significantly from those presented in Fig. 1. 
Nor did the incidence of recovery of other, i.e.  enteric, microorganisms differ 
significantly from those presented in Fig. 2. 
These  results  indicate  that  thrice  washed  S.  marcescens  penetrated  the 
intestinal mucosa as readily as unwashed suspensions of the test microorgan- 
ism. 
Administration  o/Filtrates of S. marcescens.--Additional  evidence that  the 
unwashed S. marcescens  suspensions did not contain enough of Shear's  toxic 
polysaccharide  to  have  increased  mucosal  penetrability  was  obtained  by 
giving Seitz filtrates of S. marcescens  suspensions to mice as drinking water. 
The  incidence  of  positive  cultures  was  not  significantly  higher  than  that 
shown in Fig.  1, indicating that the suspensions used in the first experiments 
could not have contained enough of the toxic polysaccharide to have increased 
appreciably the penetrability of the intestinal mucosa to enteric bacteria. 
Cultures  of Mesenteric Lymph Nodes,  Liver, Spleen,  and Blood of Mice Not 
Given S. marcescens. 
Mice to which Serratia marcescens was not administered  were irradiated with 700 r. Each 
day post irradiation a few were killed for culture of mesenteric lymph nodes, liver, spleen, 
and blood, until a total of 20 per day for 11 days had been thus examined. 70 unirradiated 
control mice were cultured in the same way. The incidence of positive cultures is shown 
in Fig. 2. 
Fifty per cent of the normal control mice had bacteria in their mesenteric 
lymph nodes and 6 per cent of them in their livers and spleens. Two mice had 
positive heart's blood cultures, both containing Salmonella enteritidis,  as  did 
half of the positive cultures of liver and spleen. This finding was explained by 
the high Salmonella carrier rate in the mice used in this experiment. 
As shown in Fig. 2, the percentage of mice with positive cultures rose more 
rapidly and to higher levels than had been obtained with S. marcescens.  This 
was  not  surprising  since  the  bacteria  recovered in  these  cultures  included 
species more pathogenic for mice  than Serratia  marcescens.  All  the bacteria 
recovered were members of the normal enteric flora of these mice, including, 
as already mentioned, Salmonella enteritidis. 
Cultures of Mesenteric Lymph, Portal Blood, and Heart's Blood.--The second 
question  raised  in  the  introduction  concerned the  route by which  bacteria 
pass  from  the  intestinal  lumen  into  the  blood  stream.  This  problem  was 
investigated by culturing mesenteric lymph, portal blood, and heart's blood, 
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recovered from the  lymph. The volume of lymph which  could  be  collected 
was  so  much  less  (approximately 0.01  ml)  than  the  quantity  of portal  or 
heart's  blood  obtained  that  negative  cultures  of lymph did  not  necessarily 
mean that it did not contain bacteria. Nevertheless, an occasional mouse was 
found to have bacteria in its mesenteric lymph and not in its portal or heart's 
blood. 
From  an  additional  211  irradiated  mice,  portal  blood  and  heart's  blood 
only were cultured.  The attempt to demonstrate bacteria in the portal  blood 
before they had reached  the heart's blood was successful in a  few instances 
(on the 6th and 7th day post irradiation)  (see Table I). This indicates that in 
these mice bacteria were gaining entrance directly into the portal circulation 
from which they were being removed during its passage through the liver. On 
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* These mice were not fed S. marcesc~as. 
occasion the microorganisms in  the  portal  blood  differed from those  in  the 
heart's blood. 
These findings seem to demonstrate that in  the irradiated  mouse bacteria 
may gain entrance into the blood stream directly by way of the portal circu- 
lation or indirectly through the lymphatic apparatus. 
The relative frequency of the various enteric microorganisms differed some- 
what but not importantly from those found in earlier studies reported from 
this laboratory. The principle difference was a  higher incidence of Salmonella 
enteritidis. 
Cultures  of Cervical Lymph Nodes.--Although  the intestinal  tract has been 
considered  the most probable portal of entry of the endogenous bacteremias 
in irradiated mice, the possibility has been borne in mind that the oropharynx 
might also serve as a  source of infection since mice customarily eat their own 
feces. 
Cultures  of cervical lymph nodes  were  therefore  made  on  three  series  of 
mice.  In 4  of  15  mice which  had  been irradiated  5  days before with  550  r, 420  INFECTION FOLLOWING  IONIZING RADIATION. IV 
bacteria were recovered from the cervical lymph glands. Another series of 20 
unirradiated  mice  was  given  a  suspension  of Pseudomonas  aeruginosa  (ap- 
proximately l@°/ml, of a streptomycin-resistant strain) as drinking water for 
4  days, after which the cervical nodes of 3  were found to  contain the test 
microorganism. Ten irradiated mice were  treated in a  similar fashion for 4 
days, beginning the day after irradiation. At the end of this time (Sth day 
post irradiation) Pseudomanas  was recovered from the cervical lymph nodes 
of 2 of the animals. 
These findings suggest  that  the  oropharynx may be  a  possible portal  of 
entry, though one which is ordinarily of less  importance than the intestinal 
tract.  These  results  may explain  the  observation  that  irradiated  mice  oc- 
casionally show edema of the neck and face. Congdon et al.  (12),  have also 
reported this observation, particularly in LAF1 mice irradiated with 800  or 
900 r and suggested the possibility that this edema was caused by infection of 
the tissues of the neck originating from the oropharynx. 
DISCUSSION 
The  cultures  of mesenteric  lymph nodes demonstrate  that  the  intestinal 
mucosa of the normal mouse is not impenetrable to bacteria. In almost half 
the  150  normal mice examined, the mesenteric lymph nodes were found to 
contain  the  non-pathogenic  test  microorganism, Serratia  marcesc~s,  which 
had been introduced into the alimentary tract and maintained there by oral 
administration. In addition, the mesenteric nodes of half of 70 control mice, 
not given S. marcesc6"ns, contained enteric bacteria. 
These findings recall the studies of Arnold and his collaborators (13,  14) on 
the transit of S. marcescens  from the intestinal lumen to the blood stream in 
dogs.  These  authors  recovered  this  microorganism  in  portal  and  femoral 
blood after its introduction in large numbers into the duodenum. The numbers 
recovered were greater when the inocula were suspended in egg white rather 
than in saline. These investigators also found that bacteria could be recovered 
from the thoracic lymph if the duodenal contents had been made alkaline. In 
irradiated dogs (500 r), however, Brown, Hardenbergh, and Tullis (15) found 
the thoracic lymph to be sterile during a 51/~ day period of observation. 
In our experiments nothing was done to interfere with the normal physi- 
ology of the  alimentary tract.  Nevertheless,  our findings demonstrate  that 
bacteria in small numbers were more or less regularly migrating through the 
normal  intestinal mucosa  and  reaching  the  mesenteric lymph nodes  where 
they were trapped. 
Since no histopathological examinations nor leucocyte counts were made on 
any mice in  these  experiments,  the following observations of other investi- 
gators should be mentioned as pertinent to the discussion and interpretation 
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damages the intestinal mucosa of the mouse  so quickly that it is maximal 
during the first 24 hours after exposure (3-8,  12). At this time atrophy is just 
beginning  in  the  submucosal  lymphoid tissue,  one  of the  primary barriers 
against invasion of bacteria from the lumen of the gut (16). At this time, also, 
the circulating leucocytes are still fairly plentiful since their decline does not 
reach its lowest level until the 3rd day post irradiation (17-19). 
By using these observations  to supplement our own, it is possible to fill in 
the more important details of the probable  sequence of events which led  to 
the development of Serratia bacteremia in the irradiated mice. Injury to the 
intestinal mucosa  was most severe during the 1st day post irradiation, while 
the immediate defenses against bacterial invasion  from the lumen of the gut 
were stilt effective. For this reason, presumably, no increase was found in the 
incidence  of positive  cultures of Serratia  in  the mesenteric  glands;  nor was 
S.  marcescens  recovered  from the liver or spleen until the 3rd day post ir- 
radiation. By this time (the 3rd day) the numbers of circulating leucocytes 
had been sharply reduced and the submucosal lymphoid tissue and mesenteric 
lymph nodes  had  undergone marked atrophy. The  ineffectiveness  of these 
immediate defenses permitted the test microorganism  to gain access to the 
blood stream despite the fact that the integrity of the mucosa] lining of the 
gut should have been practically restored.  The occurrence of Serratia in liver 
and spleen, but not in the blood, during the next few days suggest that these, 
and presumably other elements  of the reticulo-endothelial  system, were still 
effective in clearing the circulating blood of such S. marcescens  as reached  it. 
The recovery of Serratia from the blood after the 5th day indicates that the 
reticulo-endothelial  system had, by this time, become incapable of maintaining 
the sterility of the blood, either because the fixed phagocytes had reached the 
limit of their phagocytic capacity or  because  some  of them had  begun  to 
release bacteria into the blood stream. 
This  interpretation  of  the  experimental  data  seems  most  reasonably  to 
explain  the changes which occurred  in the irradiated mice preceding  the de- 
velopment of bacteremia.  The successive stages progressed more slowly in the 
Serratia-fed  mice and were,  therefore,  more readily discernible.  In the mice 
which were not fed Serratia,  the pattern was the same but it proceeded at a 
more rapid rate, presumably because of the greater invasiveness  or virulence 
for  irradiated  mice  of  the  bacteria  involved:  coliforms,  Proteus,  Paracolo- 
bactrum,  Pseudomonas,  Salmonella--all  members  of  the  intestinal  flora  of 
this strain of mice. 
It  would  appear,  therefore,  that  the  fatal bacteremias which  develop  in 
mice following exposure to moderate doses of x-irradiation are not primarily 
the result of radiation injury to the intestinal mucosa  but rather of the im- 
pairment of the animal's defenses against its own enteric bacteria. This type 
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Bond,  Silverman,  and  Cronkite,  and differentiated by them from the  "in- 
testinal  syndrome" which  follows exposure  to  higher  doses  of  irradiation. 
The distinguishing  characteristics  of these two syndromes are discussed in an 
excellent review recently published  by those authors (20). 
The sequence  of events described  in  the  preceding  paragraphs  bears  an 
interesting resemblance  to the  observations  of 0rskov and his collaborators 
(21, 22) on the pathogenesis of the fatal bacteremias  which developed in mice 
following oral inoculation  with a virulent strain of Salmonella.  By killing and 
culturing mice,  0rskov found that shortly after inoculation  the  mesenteric 
lymph nodes of some mice contained Sa2monella.  Soon thereafter they were 
demonstrable in liver and spleen and other elements of the lymphoid-macro- 
phage system before they reached the blood stream. 
In other words, 0rskov's description  of the pathogenesis  of mouse typhoid 
parallels  our observations  on the development of infection  with non-patho- 
genic microorganisms in mice exposed to 700 r total body x-irradiation. 
This similarity is not surprising.  In the one case, a highly virulent micro- 
organism invaded and produced lethal infection in a normal host; in the other 
case,  non-virulent microorganisms  were able  to produce  infection in a  host 
which had its defenses impaired by exposure to ionizing radiation. 
It was the cellular elements  in the defense mechanism to which attention 
was directed in the present studies, as has been that of most other investigators 
in this field. Nevertheless,  one must not disregard  the effect of irradiation on 
the natural antibodies  which may play a  role in the host's defense against 
infection. Marcus and Donaldson (23) in a study of the bactericidal  action of 
normal rabbit sera  on Bacillus  subtilis  found it to be diminished after the 
animals had been  irradiated. Pillemer  and his coworkers (24) have recently 
reported a fall in the "properdin" content of rat and mouse serum following 
irradiation. 
The results  of cultures on portal blood and mesenteric  lymph suggest that 
bacteria may have entered the portal circulation  directly or may have passed 
from the lumen of the gut into the systemic circulation  by way of the lym- 
phatic apparatus. It was probably a  matter of chance  which route was fol- 
lowed in any given animal. This deduction is supported by the recent histo- 
pathological  observations  of Congdon, Williams, Haberman, and Lorenz (12) 
who observed clusters of bacteria within small blood vessels in the intestinal 
wall in some mice and in others bacterial invasion  of the Peyer's patches. 
Some of their other observations are of interest in connection with the present 
study. In a series of C~If mice irradiated with 900 r, they found the intestinal 
epithelium  to be  severely  damaged 24  hours after irradiation, but bacteria 
were not observed  in the intestinal epithelium  until the 3rd and 4th days 
following irradiation. On  the 5th,  6th  and  7th  days, bacterial lesions were 
more frequently seen in the liver,  spleen, lung, and mesenteric  lymph nodes 
than in any of the tissues examined. ~..  ~.I~Qo~oN,  -.  RYe,  ~.  S.  ~u~,  e.  v.  mim~  42S 
SUM'Mg.Ey 
In half of the normal mice examined, cultures of mesenteric lymph nodes 
were  positive  for  enteric  bacteria.  When  a  non-pathogenic microorganism, 
Serratia marcescens,  was established in the intestinal tract by administering it 
to mice in their drinking water, it,  too, was recovered from the mesenteric 
lymph nodes of almost half of the normal mice examined. From these findings 
it  was concluded  that  bacteria  in  small  numbers  were  able  to  pass  from 
the lumen of the unirradiated gut as far as the regional lymph glands. Such 
bacteria, except the pathogen, Salmonella, were rarely found in liver or spleen, 
never in the blood of the normal mice. 
Mter  x-irradiation with  700  r,  the  incidence of positive  cultures showed 
the liver or spleen became infected with enteric microorganisms before the 
blood stream was invaded. It appears,  therefore, that these elements of the 
reticulo-endothelial system were able for a  time to maintain the sterility of 
the blood after failure of the more immediate defenses against bacterial in- 
vasion from the intestinal tract. It is concluded that if any increased migra- 
tion of bacteria  through the  intestinal mucosa resulted from the radiation 
injury, the increase must have occurred very soon after irradiation. 
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